Objective. To investigate whether a nutrition transition was occurring in a rural area by examining the dietary patterns of women in rural Tanzania.
Introduction
For some time, nutritionists have been advocating for a change in the focus of dietary recommendations from nutrients to patterns of dietary intake [1] . Nutrientnutrient interactions, as well as complementary and synergistic effects of different phytochemicals, play an important role [2] . Therefore, it is difficult to ascribe nutritional effects to single dietary components only [3] . Dietary patterns are, however, exposed to socioeconomic and cultural changes, such as globalization of food markets, urbanization, and economic growth. Profound changes in societies and in behavioral patterns of communities have taken place during the past decades in developing countries, especially in urban areas. These changes are responsible for the so-called nutrition transition [4, 5] . Of five broad nutritional patterns generally acknowledged, the nutrition transition is usually reflected in a shift from pattern 3 (receding famine) to pattern 4 (nutrition-related noncommunicable disease) [6] . The nutrition transition in Tanzania has been reported to occur mainly in urban areas [7] [8] [9] .
Dietary patterns cannot be measured directly; however, statistical methods are available to characterize them [10] . An a posteriori approach includes both factor/principal component analysis (PCA) and cluster analysis, whereby study-specific data are used [3] . In contrast, the dietary index approach is a priori and generates eating patterns based on previous knowledge that is summarized, for example, in dietary guidelines 219 Dietary patterns of women in rural Tanzania or recommended diets, indexes, and scores [10, 11] . This method is limited by current knowledge. At present, except for a few regions such as Morogoro and Iringa [12] , there are no national dietary guidelines for Tanzania against which survey data could be tested.
Thus, an a posteriori approach was chosen for the present study, and dietary patterns were related to nutritional health parameters of the participants. The main objective of this study was to investigate whether a nutrition transition is taking place in rural Tanzania by examining the dietary patterns of women and determining whether they were linked to nutritional status and socioeconomic factors. The study was integrated into the project "Promotion of Neglected Indigenous Leafy and Legume Vegetable Crops for Nutritional Health in Eastern and Southern Africa (ProNIVA), " which focused on improving household food security of resource-poor groups in Tanzania, Rwanda, Uganda, and Malawi. It was led by the World Vegetable Center's Regional Center for Africa (AVRDC-RCA).
Methods
The surveys covered three different seasons within a whole year: the dry season (June/July 2006), the short rainy season (November/December 2006), and the end of the dry season and the beginning of the long rainy season (March/April 2007). The study areas were among those already visited during the ProNIVA project baseline survey [13, 14] , including six villages in each of three different districts, Kongwa, Muheza, and Singida, in northeastern and central Tanzania.
The participants were women selected through simple random sampling according to household lists by the responsible village extension officer, together with the agricultural extension worker for the village. The selection criteria included being of reproductive age (between 16 and 45 years) and cultivating vegetables, because the overall study aimed at investigating links between vegetable production and consumption and the nutritional status of adult women. In the beginning, 360 participants (120 per district) were included. Only 252 women attended all three meetings and consequently formed the study cohort. The most common reasons for dropping out were illness, travel, relocation, or workload. To avoid confounding factors, women were excluded from the analysis if they did not meet all the criteria for body mass index (BMI) and blood hemoglobin level. Eventually, the study cohort consisted of only 210 and 185 women, respectively, for BMI and hemoglobin assessment. The aim of the study was not to estimate representative prevalences but to gain insight into problems of nutritional health in the population.
A cross-sectional, sequential study was performed with the use of a personal interview that included, among other questions, a 24-hour recall of food consumption and questions on the socioeconomic status of the participants. The socioeconomic variables included ethnic origin, wealth, status within the household, education, and occupation, among others. The participants were also asked to name the typical characteristics that they associated with an obese person. The questionnaire was developed in English and translated into Kiswahili, in which the interviews were conducted. It was pretested with eight Tanzanian women in Arumeru District.
To determine the nutritional health of the participants, hemoglobin levels and BMI were assessed. The hemoglobin value was chosen as supporting evidence for nutritional anemia, which was generally high in the study population. BMI was used as a proxy measure of overweight or obesity and body composition. Hemoglobin was measured with a HemoCue system from a capillary blood sample collected by pricking the middle finger. Height was measured to the nearest 0.1 cm with a person-check (Kirchner & Wilhelm) with a maximum height of 2 m that was fixed to a portable measuring board on which the women stood barefoot and without headgear. Weight was measured with a calibrated person scale (Seca 862) with a minimum weight of 0.1 kg and a maximum of 200.0 kg on which the women stood barefoot and with minimal clothing according to the FANTA protocol [15] . BMI was calculated as the weight in kilograms divided by the square of the height in meters.
Ethical clearance for this study was granted by the Faculty of Medicine at Justus-Liebig-University, Giessen, Germany. Permission for the research was given by Sokoine University of Agriculture, Morogoro, Tanzania. Oral consent was obtained from each participant during recruitment.
Determination of dietary patterns
Dietary patterns were generated based on the consumption of 12 different food groups (table 1) based on 24-hour recalls during three nonconsecutive days. An a posteriori approach was applied for which a factor extraction model had to be selected. Both PCA and two factor extraction models, namely, principal axis factoring (PAF) and maximum likelihood factoring (MLF), were applied to the data with three different rotation methods (varimax [orthogonal], direct oblimin, and promax [both oblique]) [16] . The results in the rotated factor matrix were compared and, finally, the method with the highest loading factors or components and the best interpretability was chosen, namely PCA with varimax rotation. Subsequently, the optimal number of components to be extracted (three, four, or five) was tested. Five components had the highest total variance explained in comparison to the extraction of only three or four components. Furthermore, the interpretation of five components was more logical and coherent.
For further analysis of dietary patterns, factor scores for each participant and component (dietary pattern) were generated. A high positive factor score stands for a high level of correspondence with a certain food pattern, whereas a high negative factor score stands for a low correspondence or even no correspondence [17] . Consequently, the correlation between food patterns (= factor scores of women, i.e., their correspondence with a pattern) and further variables could be tested. Furthermore, factor scores and, with them, participants were divided into quintiles for each food pattern, whereby the 1st quintile means no consumption and the 5th quintile high consumption according to a respective food pattern. For each quintile, mean and median values of continuous parameters and share of participants for categorical parameters were calculated to identify typical characteristics of each pattern. These values were checked for significant differences between the quintiles of each pattern (Kruskal-Wallis Test) and for trends (Jonckheere-Terpstra Test); i.e., if a variable increased from participants within the 1st quintile to participants within the 5th quintile or vice versa. All statistical analyses were performed with SPSS, version 16.0.
Results

Characteristics of study participants
The women's mean age was 33 years. Most of them belonged to one of five ethnic groups (table 2). Threequarters of the women were wives of the head of the household, and 89% had completed primary school. Only a minority (12%) earned additional cash income from a business or service; the majority (77%) were crop and livestock farmers. The median BMI (21.7 kg/m 2 ) was in the normal range, and the mean hemoglobin level (12.7 ± 1.5 g/L) was slightly above the threshold for anemia (≤ 12 g/L). Wealth status, as measured by possessions (radio, bicycle, mobile phone), housing, livestock, occupation, and sale of vegetables, was in general rather low in this rural setting, although differences among participants were identified.
Characteristics of dietary patterns
The five dietary patterns explained 67% of the variance (table 3) . Pattern 1 was dominated by fruits, nuts, starchy plants, and fish. Fruits were consumed mainly in the coastal Muheza District, where they grow in abundance. Nuts were coconuts, which were also consumed mainly in Muheza, or groundnuts, a traditional ingredient of meals in the inland Kongwa and Singida districts. Because fish and starchy plants such as plantains, cassava, taro, and sweet potatoes were common foods in Muheza District, this pattern was called the "traditional-coast" pattern. Pattern 2 was characterized by bread or cakes, sugar, and tea. Bread and cakes were usually made from wheat and were mostly deep-fried or baked in oil, such as doughnuts, chapati, maandazi, or halfcake. They were sometimes made at home but were more often bought from small shops. Tea leaves and sugar also had to be bought by most households. This pattern was characterized by foods that were usually not self-produced or home-made but bought and was therefore called the "purchase" pattern.
In pattern 3, cereals, vegetables, and the food group oil or fat were loading high, reflecting the fact that vegetables were typically fried or cooked in oil. The Fish Anchovy-type, cod-type, salmon-type (i.e., these types of species) 12
Animal products Goat, beef, pork, chicken, duck; fresh and curdled (sour) milk; eggs food group cereals referred to traditionally cooked rice or ugali/uji made from maize, millet, or sorghum flour. This pattern was called the "traditional-inland" pattern. In pattern 4, the food group pulses loaded positively high, while vegetables contributed negatively, i.e., their consumption was minor. Pulses consisted mainly of dried and cooked common red kidney beans as well as chickpeas, cowpeas, mungbeans, green peas (dried), pigeon peas, and soybeans. They are traditional foods that were consumed instead of vegetables rather than together with vegetables. This pattern was called the "pulses" pattern. Pattern 5 was characterized by the food group animal products excluding fish. Further food groups loading slightly suggested that animal products were not eaten together with fish or with nuts or cereals by the study participants. They were rather combined with oils or fats, in which meat was usually fried; starchy plants also loaded slightly because they were included in a traditional dish in which meat and plantain are cooked together. This dietary pattern was called the "animal products" pattern.
Correlations and associations
Dietary patterns derived by PCA were significantly associated with districts. When the patterns were divided into quintiles, it was shown that women in Muheza especially consumed food according to pattern 1 (5th quintile 54%, p < .001) and pattern 2 (5th quintile 42%, p < .001). Women in Singida favored pattern 3 (5th quintile 27%, p = .009) and pattern 5 (5th quintile 28%, p = .001), whereas women from Kongwa did not prefer any specific pattern.
Pattern 5 was significantly associated with the wealth of participants (τ = 0.171, p < .001). The association between participants' occupations and food pattern 2 (p = .002) suggests that women who were involved in business or service in addition to farming consumed according to this pattern (1st quintile 7%, 5th quintile 39%) more than those who were only crop farmers (1st quintile 15%, 5th quintile 33%) or crop and livestock farmers (1st quintile 23%, 5th quintile 15%).
Significant correlations were found between pattern 2 and BMI ( fig. 1) , and between pattern 5 and the number of negative characteristics mentioned to characterize an obese person (ρ = 0.203, p = 0.003). The number of positive characteristics named for an obese person was significantly higher for women consuming food mainly according to the purchase pattern (p = .019). Similarly, there was a significant difference in median BMI values between the quintiles of pattern 2 (1st quintile 21.5 kg/m², 5th quintile 23.2 kg/m²; p = .047), and a significantly increasing trend from the 1st to the 5th quintile (p = .019).
The hemoglobin levels of the women were significantly correlated with three dietary patterns: negatively with pattern 1 (ρ = -0.291, p < .001) and pattern 2 (fig. 2) , and positively with pattern 5 (fig. 3) . The trend of mean hemoglobin values from the 1st to the 5th quintile was negative for pattern 1 (1st quintile 13.1 g/dL, 5th quintile 11.7 g/dL; p < .001) and pattern 2 (1st quintile 13.2 g/dL, 5th quintile 12.3 g/dL; p = .001), whereas hemoglobin was highest for women within the 5th quintile of pattern 5 (1st quintile 12.1 g/dL, 5th quintile 13.2 g/dL; p = .005).
Discussion
Dietary patterns and nutrition transition
The five dietary patterns generated by PCA showed that different dietary patterns can clearly be distinguished in rural Tanzania. In general, the five extracted dietary patterns describe the current situation of the study population. Therefore, they do not conform to the generally acknowledged nutritional patterns 3 and 4, which describe the nutrition transition as mentioned by Popkin [6] . The districts were significantly associated with the dietary patterns, meaning that usually two of the patterns were preferred in one district. Therefore, it can be inferred that ethnic groups, which were highly correlated with districts, were also associated with dietary patterns. With regard to pattern 3 (traditional-inland), there existed differences in food consumption between the two inland districts Kongwa and Singida, despite their similar agroecological conditions. Pattern 2 (purchase) was observed mainly in Muheza, whereas the 1st quintile of this pattern was dominated by participants from Singida (68%, data not shown), meaning that more than two-thirds of women in this district did not follow this pattern. The purchase pattern provides an indication of the nutrition transition which obviously occurred to a greater extent in Muheza District. Although the nutrition transition is often thought to be characterized by a sharp rise in meat and milk consumption, the spread of junk food and soft drinks, and rising food consumption away from home, this is only true for its later stages as it appears in wealthy countries. The early stages are characterized by an increased use of cheap vegetable oils, such as palm and sunflower, which are rapidly integrated into local diets [18] ; this is happening now in rural Tanzania, as shown by the current study. To clearly demonstrate a nutrition transition, the changing dietary patterns need to be related to changes in body composition and risk of chronic noncommunicable diseases [6] . Furthermore, food frequency questionnaires would have given more insight into dietary habits and patterns over a longer period of time. However, since diets did not vary to a great extent between the seasons and monotony in food choice and consumption in the various districts could be shown, the three repeated 24hour recalls were found to be sufficient. Still, because the current data cannot be compared with dietary practices that were common, for example, 20 years ago in the three districts, and because of the small sample size, it is difficult to conclude that the nutrition transition is on the increase. However, we suggest that we have found incipient evidence of the nutrition transition in the researched districts. High wealth status was related to a high factor score for pattern 5, indicating that animal products were consumed to a greater extent by wealthier participants. Furthermore, women consuming according to pattern 5 thought rather negatively about a corpulent person, which indicates a certain level of knowledge; this, again, reflects a higher wealth status. Another study in Tanzania documented that an increase in income was associated with an increase in the quantity of meat consumed [19] . It is generally acknowledged that wealth is the main determinant of per capita meat consumption [20] , which obviously also happened in the researched rural districts.
It seems sensible for farmers who also operate businesses or services to follow the purchase pattern, since they have more income than those who only practice subsistence farming. However, many participants not only were subsistence farmers but also sold part of their agricultural products and, therefore, were also able to follow the purchase pattern.
Dietary patterns and health
The higher a participant's affiliation with the purchase pattern, the higher was her BMI, and the median BMI was clearly higher for participants who ate according to the purchase pattern. This was not surprising, since this pattern was characterized by consumption of bread and cakes that were usually baked or fried in oil and thus contained a large amount of fat. Black tea was mostly drunk with large amounts of sugar, both are also characteristic foods of pattern 2. In addition to food intake, nutrient intake and physical activity could have been analyzed in order to examine relationships between intake and expenditure. This was not pursued, however, because of the lack of a sufficient database of nutrient contents in local foods and dishes. The physical activity of women was in fact, measured with a visual analogue scale, but this did not give useful results [21] .
A study among women in the United States found that higher consumption of sugar-sweetened beverages was associated with higher weight gain and an increased risk of developing type 2 diabetes mellitus [22] . Soft drinks contain large amounts of sugar in a rapidly absorbable form, such as the sugar consumed with tea by the Tanzanian participants. An increasing intake of soft drinks can also be observed in developing countries [23] , but this was not observed in this study. It is not surprising that women consuming many food items from pattern 2 thought rather positively about a corpulent or overweight person. Women with this dietary pattern were found mainly in coastal Muheza, where more participants were overweight or obese than in the other two districts.
Women with eating habits according to pattern 1 or 2 had lower hemoglobin levels, whereas those following pattern 5 (animal products) had higher hemoglobin levels. Iron is especially easily absorbed from animal products [24] . For patterns 1 and 2, there also existed a decreasing trend from the 1st to the 5th quintile, meaning that the hemoglobin level was lower in those who followed these dietary patterns. The lower hemoglobin status could be partly due to the high consumption of black tea, which is a central food item in the traditional coastal diet. Black tea, if drunk during or directly before or after a meal, can inhibit iron absorption in the gut [25] . However, patterns 1 and 2 were highly favored by women from the coastal Muheza District, where malaria was much more prevalent than in the other two districts [26] . As a result, the effect of malaria on the hemoglobin values and iron status of people living in Muheza could be confused with that of dietary patterns in the present study.
Dietary patterns in nutrition research
Dietary patterns are a useful tool in nutrition research, particularly in comparison with focusing on single nutrients [3] . This is true in the present study, in which insufficient data were available about the nutrient contents of processed local foods and about nutrient bioavailability, intake, and retention. Moreover, a dietary pattern approach is considered valuable in nutrition epidemiology for assessing the impact of dietary intake on the risks of various diseases and mortality [27] . Nevertheless, no standard procedures are used as yet for generating dietary patterns, and thus, comparison is difficult.
The method of reduced rank regression (RRR), recently introduced into nutritional epidemiology [11] , which combines exploratory and hypothesis-oriented approaches [3] , may be useful in the future for linking dietary patterns to certain public health problems. Furthermore, culture-specific dietary patterns were found to be probably more user-friendly than general recommendations when communicating public health messages [28] .
Conclusions
The results suggest that pattern 3 (traditional-inland) is the most healthy pattern, because participants in the 5th quintile of this pattern had slightly lower BMI and were not inclined to overweight or obesity; on average, they also had less or no iron deficiency. However, dietary diversity was lowest for participants consuming food according to this pattern, suggesting that this pattern needs to be adjusted according to sensible dietary guidelines.
Low hemoglobin was associated with dietary patterns that included black tea. Women who consumed according to patterns including vegetables had normal hemoglobin levels, a result confirming the valuable qualities of vegetables in nutrition.
The prevalence of pattern 2 (purchase) suggests that the nutrition transition, which has previously been reported mainly from urban areas, is on the rise even in rural Tanzania. Thus, the present study implies the existence of possible changes in nutritional behavior in rural areas of a developing country. This trend is likely to be accompanied by chronic diseases and probably a loss of local traditional foods and knowledge. As a next step, the generated dietary patterns should be incorporated into dietary guidelines as a realistic and acceptable tool for improving nutrition.
